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SUMMARY

From the comparison of ionospheric effects of flares with
small increase in cosmic ray intensity (less than one percent) at
sea level (nucleon component), it follows that :

1) to more powerful effects in the D-layer of the ionosphere
correspond, as an average, more substantial increases of cosmic ray
intensity at sea level;

2) the appearance of absorption in the D-layer, that is of an
X-ray flux with ) QSK constitutes a necessary but not sufficient
indic¢ation of the occurrence of a small effect in cosmic rays at sea
level.

* *

1. The detection by direct measurements of the electron compo-
nent of solar cosmic rays [1] arouses interest in the question of its
possible investigation by indirect methods on the basis of the already
available material,

As is well known, the accelerated electrons are manifest in the
solar atmosphere by a synchrotron emission in the radioband and in the
visible region of the spectrum (see for example, [2, 3]), and also in

the bremsstrahlung emission in the X-ray region of the spectrum.

* O SVYAZI RENTGENOVSKOGO IZLUCHENIYA SOLNECHNYKH VSPYCHEK S IKH EFFEKTAMI
V KOSMICHESKIKH LUCHAKH,
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Various viewpoints are currently ekpressed about the nature of
X-ray radiation of flares. For example, in ref. [4] it is assumed that
the X-ray emission is entirely unbalanced.Q+- On the other hand, attemnts
are now made to explain the available basic data by equilibrium emission
of plasma at temperatures of the order of 107"K, and higher [5, 6].

The object of this work is to study the question of relationship
between the effects of solar flares in cosmic rays on the one hand, and

the X-ray emission of flares on the other. This may contribute to obtaining

additional data on the nature of X-ray emission of flares and to ascertain-
ing the possibility of studying the electron component of solar cosmic
rays by its X~ ray emission. _
According to the opinion of many authors [7 — 14], a sudden increa-
se in electron concentration in the D-layer of the ionosphere during
solar flares is induced by a sudden increase of X-ray flux with A < 84.
This leads to a sudden increase of the absorption of cosmic radio emission
(SCNA) and of short radiowaves (SWF), and also to a series of other events.
When comparing in the present work the X-ray emission of solar
flares with the increase in intensity of cosmic rays, we shéll use as . -
a basis the indirect (ionospheriec) methods of detection of X-ray radia-
tion and not on the direct measurements, That is why, when in the follow-
ing there will be question of "X-ray flux with A < 81&", it should be
understood that reference is made to the corresponding effects in the
D-layer, induced by the said flux, Note also, that the ionosphere effects,
referred to,correspond to middle and low latitudes, i.e. they are caused

by a wave rather than corpuscular radiation of solar flares.

2. = We used as the indicator of X-ray emission of flares in the
region )\5.82\ the data on minimum reflection frequencies from the iono-
sphere at vertical sounding — fmin (according to '"MTSD'"B-2 material),
on absorption of short radiowaves — SWF [15], on the absorption of
cosmic radio emission — SCNA [15, 16] and on sudden increase of atmosphe-
rics — SEA [15]. ‘

The effects of solar flares on 2,4, were sorted by the metyod
expounded in [17], by material from ionospheric stations, also indicated
in that reference., The intensity of the effects on £,, was estimated

by a three-number scale.
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The data on the intensity of the nuecleon component of cosmic rays
at sea level were borrowed from [18] and from the"MTSD" B-2 material.*

For flares, attended by great increase in intensity of cosmic rays
at sea level, the amplitudes of the increases were borrowed from the lite-
rary data by stations with latitude of ~500, taking into account the zones
of entry. '

The time-integrated fluxes of solar cosmic iays, having induced
absorptions in the polar cap, were borrowed from [19].

Also utilized were the data on radio emission of solas flares with
A = 10em [201]. | |

%3, -As is well known, the relativistic part of the energy spectrum
of cosmic rays 4is less subject to variations of the conditions of propaga-
tion in interplanetary space than the nonrelativistic one;  this is due to
the substantially greater length of the free part., That is why, when study-
ing the relationship of the X-ray emission of flares with the effects on
cosmic rays, we utilized the relativistic part of the energy spectrum of
solar cosmic rays.

The effects of flares on cosmie rays were studied separately for
flares of force 2% and more in Hg , of force 2 and of force less than 2.

Flares of force 2° and above in Hx .~ We selected for the analysis

27 flares in Hy , mainly of force 2+ and higher, for the IGY period.
These flares were broken down into two groups, according to the presence
of SWF ( these data being the most complete): a) flares attended by SWF -
22 cases (Table 1); b) flares, when no SWF were observed — 5 cases (Tab.2).
The unambiguity of the breakdown was corroborated by the data on £yiy, and
on SEA,
The intensity of cosmic rays in a certain time interval, ineluding

the flare, was first averaged by eight high-latitude stations (Table 3).
The corrections for the daily effect were not introduced, for the latter
is relatively small for these stations. The time interval included near
8 hours preceding the flare, so that the quiet level of cosmic rays could

be determined, and near 8 hours after it, so that the total‘period of

increased cosmic ray intensity could be encompassed as far as possible.

*[in transliteration]



After that, the method of epoch superimposition was applied separately for

each group.

TABLE 1 TABLE 3
DATE COMM, FORCE Hardness Stat,
in H cut-off error
S Tv AT 10N thrshold for 2
Bev/s hours
29.VII1 1957 | 03B45™E 2’ ' %
29.VII1 10 31 2
10.1X 02 23 3
20.1X 43 :
301X e 3 Churchill ....| 0.3 0,53
16.X 01 52 3 R ces . 31
211 O E 3 Deep River , 1.3 0.3
28.X11 22 29 2 Leeds R YR X 106 0056
25.1 19! '
1“1 1 58 gg(i)gE g Mawson AR EEX] 002 0038
1.1v 10 10 3 MurChoBay PR . 0.1 Ooh's
1.v 21 15 3
5.V 03 56 3 Resolute Bay ... 0 0.50
19.VI -
19.VHI ?33‘5’ §+ Saltfur M.seee 1.1 0.23
4\’]1[ 0409 3 eess e L4
141X 08 22 D Thule 0 0,50
“)-x 06 58 2+ Upsala ®seoesso0v 0 103 00"""
21.X 2318 2+
24.X 14 32 2+
14.X1 00 36 3
. 24.XI 16 07 3 The results are plotted in
TABLE 2 Figel (A and B). The two-hour time
, interval are in abscissa. The time of

22.VII 1957 | 09P53%E 3 )

29, VIII 1 43 33p 2 flare commencement in Hy is taken for
2.IX 10 45 2+ the zero time., Plotted in ordinates is
29.X1 00 45 3+
5.111 1958 05 00E 3 the intensity of cosmic rays., Dashes

indicate the mean values of cosmic ray
intensity for the time interval before the flare, Vertical strokes denote
the statistical errors of measurements, corresponding to averaging (this
refers to both, Fig, 2 and 3). The last point's drop-out in Fig.1l B is

related to Forbush-drop for one of the events.

Flare of Foree 2 in Hy ., =~ 32 flares for basic force 2 were

sorted in all, they answered the following requirements :




Se

a) they were situated no farther than 60° to the west or to the

east from the central meridian of the Sunj

b) the cosmic ray background was quiet at time of flare;
¢) the level of geomagnetic field disturbance in the.Ki-index
was no higher than three in the time interval from 6 to 10 hrs after flare.
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“4ig. 1.- Effect in cosmic
rays from flares in Hg
of force 2+ (epoch suprimp.)

A — flares attended by SWF
B~ flares not attended by
absorption in the D-layer

rable.
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Fige 2. -~ Effect in cosmic rays from
flares in Hg of force 2. (e~~r~h superp.)

A — flares attended by SWF;
B— flares not attended by absorption
in the D=-layer of the ionosphere.

For the flares thus selected
the conditions of propagataion through

interplanetary space were most favo~-

These flares were also broken down into two groups: with SWF —
20 cases (Tables 4 and 8), and without SWF — 12 cases (Table 5)., As in the
preceding case, the unambiguity of the breakdown was corroborated by data

on fmin and SEA.

For these flares, the averaging of cosmic ray intensity was made
by 25 stations (Table 6), and the daily effect was excluded by the preceding
or following day. After that, the epoch superimposition method was applied,



The results are plotted in Fig, 2 (A and B). From the considera-
tion of the graphs in Figs. 1 and 2 it follows, that the flares, attended
by SWF, i.e, by a flux of X-ray radiation with A £ 8 A, result in
notable effects in cosmic rays ( ~ 0,3 * 0,03%). At the same time,
flares not accompanied by notable increase in the ionization of the
D-layer, i.e. without SFW, even if they provide effects in cosmic rays
the latter are of the statistical error order. An identical conclusion
was arrived at in [21]. |

It should be stressed, that for flare groups of force 2 and 3 in
Hy, essentially different criteria for sorting and — processing methods

were apylied (see above).

TABLE 4 T'_;A_.:_B.L.E___é
DATE COMM. FORCE STATION Stat.Error
IN H for 2 hrs
%
1.1V 1958 10850"E 2+ Alma-Ata cieevescsonnse 0.38
3.VIII 21 42 2 BerkKley eceeecsvoccasss 0,45
f2.vil 04 19 2 Chicag0 ..icevvsrececnes 0. 48
15.X 10 23 2 Churchill seevessvenses 0.53%
18.X 0t 34E 2 CLiMOoX eeeeeensesecnnns 0.12
11.X11 03 55 2 . .
SN S Deep River ocvesescesee 0.31
mr T o = Gottingen .e.ccveivenn 0.4
i-i-{-ih—n-'——_l GermonusS seeecesscvacens O.hh
24.X1 1957 Jyhagm 9 ssesssesanes 0.31
19.V 1958 10 52 2 leedsS tecivvecnnccecnss 0.56
3.VI 03 34 2 Lincoln .sieeeecacecsscs 0.52
3.VI 02 58 2 London ec.csccscscesssne 0.41
ﬁa %% i 1awSOoN svevevsaonsasss 0.38
(5VIT 29 36E o+ 1~It.}'{ell:§.ngton esssessen 0.37
23 VII 05 18 2 Mt.i/ashington «.eveces. 0.28
14.VIT 04 37E 2 Murchison Bay ¢.c.0.00. 0.45
3.X 23 12 2 Ottawa eseesvsectcoscas 0.52
7.X 19 50 2 Rome +sieeeeeeccccnancnss 0.56
L 15.XII 06 24 2 Sal'fur M sevveceiennen 0.23
Resolute Ba¥ scovceocss 0.50
Thule eesses s NPIIELT O 0.50
Upsala seeesccosscoscss 0,4l
VeilsSenaun ecieececccocnce 0.43
Zugspitze ...cc0e0e00nn 0.15
! Yakutsk seeeecececcccse 0.55
et .
4 2 4 2 0 2 4 & 8§ 1wt M, Norikura ..coceceves 0.20

Fig, 3.- Effect in Cosmic Rays from
flares in Hx of force < 2, attended
by SCNA
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Flares of Force < 2 in H, .~ As is well known [22], the
effects in cosmic rays from flares of force 1 in H, were not detected
from the materials of IGY and IYQS., It is interesting to note, however,
that the group of 9 flares of force <2 in H, (Table 7), especially
studied by us and which were attended by an increase in the absorption
of cosmic radio emission — SCNA, reveals a small rise of AN (0,13 + 0.03%)
- (Fig. 3). The criterion of sorting and the method of processing for that

group of flares was similar to that utilized for flares of force 2.

TABLE :Z
DATE COMM, | FORCE DATE COMM FORCE IN
in Hx Ha
4,V 1958 16h3gm 1 12.1X 16D05™ '1+
5.V 20 25 1+ 16.X 17 05 1
13.V1 17 13 1+ 20.X - 19 12 1+
26.VII 19 52 1+ 1.XI 18 15 1
14.VIII 21 37 1+

On the basis of direct observations of X-ray radiation during
solar flares it was estoblished din [23], that the flux of X—ray radia-
tion in the region A < 84 with energy greater than 2 .10 erg/cm2.sec
is attended by SWF and other ionosvhere effects, That is why, drawing the
balance sheet of the above considerations, we may conclude that flares
with such energy in tlie region A< 81.& provide, as an average, an increa-
se in cosmic ray intensity at sea level of the order of 0,3 %, whereas
flares with X-ray flux energy less than 2 . 103 erg/cm2 sec, even if they
result in rise of AN, it will be less than 0,03%, the latter not depend-
ing at the same time on the flare in Hx.

It should be noted that nonec} he above-referred to groups of flares
in Hy + included any of the well known flares, having given great inten-

sity increases of cosmic rays at sea level,
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4, ~ It would be interesting to see further whether there is
a guantitative relationship between the magnitude of the ionospheric
effect of a solar flare and the amplitude of the increase in gosmic rays.
At sea level the latter was known for 10 flares [24],

The increases in intensity of the nucleon component of cosmic
rays at sea level (AN are compiled in Table 8. The flares accompanied

by large ionospheric effects are marked by stars.

TABLE 8
— - R —
DATE | COMM, Force| Force| N || DATE COMM | Force|Force| N
SWF | fmin| % SWF |fpin | %
*28 Aug.57{0841E 3 3= . | 0,6 7 Jul.58% 0020 3 | 3 10.5
11 Sep. [0236E 3 1t 0.1/29 Jul.* | 0259 31 3 0.9
26 Sep. (1907 2+ | 2= | 0.3l16 sug.* | o433 z+ | 3+ 0,2 2
20 Oct* |1637 303 0.5(19 Aug. oo k2 2 |1 t!
9 Feb,58|2108 1 1 0.3[20 sug. | 2118 2+ | 2-J 0.1
L ppr. 2147 2+ 1+ 0.1
The values of AN, computed afzb
K o
separately for flares having result- b 75 X1 19602 (307
ed in the most werft ion heri
| g pove :le onospheric mmmfx{gﬂ//
eifects 'force 3 by SWF snd fmin)' - ” —H rsur 59
and for the remaining flares, are art 2010 19600 05 30 10000 659
. y R Yo,
respectively equal to 0.54% and 0.2%. . 7
As mey be seen, some link is hinted 10 //3/
here. However, the estimate of the o '-;7‘4———‘
ionospheric effect by scale for more ﬁ §.'
. . . . " bar i
precise quantitative comparisons {
| on [ | [ . A i
appears to be too rough. That is why G000 » w # 80 100% SCNA

the data on SCNA for 1958 - 1961 were __ .
Fig. 4.~ Relationship between the
resorted to., Unfortunately, the watch- value of the absorption in the

ing of these events encompasses only ionosphere and the cosmic rays'
increase (AN, %).

the time interval from 1500 to 0300 fThe curve shows the conversion of

hours UT, absorption into monochromatic X-ray
flux with A= 21X (see text).



The results of such compariséns are plotted together in Fig. &4,
where the values of absorption in percent (SCNA) are in abscissa, while
the amplitude of cosmic ray intensity increase is represented in ordina-
tes dn logarithmic scale. The point 1 corresponds to the absence of absorp-
tion (SCNA = 0%) and to minimum increase of cosmic ray intensity, whicl
may yet be revealed with the aid of the method of processing, appiied for
a given apparatus' sensitivity (AN = 0.05%).
' Point 2 corresponds to the group of nine flares of force two im Hy,
whose effect in cosmic rays is shown in Fig, 3 (Table 7). The value of the
mean absorption for that group is 32% (standard deflection being *15%).
Point 3 corresponds to the mean effect of intensity increase for 14 flares,
mainly of force 2 in Hy (Table 9).The magnitude of the mean absorption
for this group of flares in 45 % 22% ). The question arises, to what extent
the SCNA with average values of 32 and 45% are typical rest::tively for |
flares of force 1 and 2 in Ha .

Plotted in Fig. 5 is the distri- o
bution of the number of cases of SCNA
as a function of the value of absorp- g
‘tion for the period 1958 - 1961, sepa-

rately for flares of force 1, 2 and 3

8
L]
. Sa
o - ————— e — i et

in Heg. Besides, dashes indicate in
Fig. 5 the absorption ranges 32 * 15%
and 45 * 22% over the distributions

, .
for flares of force 1 and 2 in H, 20 | I '
) -2 .
respectively, It may be seen from » :
0 ————
5
0

Fig. 5 that the amplitudes of SCNA
for the points 2 and 3 in Fig. 4 are 20 W &0 o0

sufficiently characteristic for the Fre &5
corresponding forces of the flares in Hg.
Further, plotted in Fig. 4 are also six cases of great increases

in the intensity of cosmic rays at sea level (data on SCNA were unavailable

for the cases corresponding to 4 May and 12 November 1960).
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Such somewhat artificial averaging procedure corresponds in fact to the
method of obtaining the points 2 and 3 in Fig. 4, as in this case we do
not know which flares were attended by cosmic ray increase at sea level,
and which ones were not.

On the basis of all that, from Fig.l4 follows the conclusion,
that there is, as an average, a dependence between the magnitude of SCNA
and AN; this, however, is true only in average, for there are cases when
"significant absorpfion increases in the D-layer are not accompanied by
intensity increase of cosmic rays at sea level, Thus, the appearance of
absorption in the D-layer during a solér flare constitutes a necessary
but insufficient sigu for the apnearance of cosmic ray intensity increase
at sea level., Thir sugrests fhe situation that arises when comparing
type~IV radiobursts with the increases in intensity of cosmic rays.

For the sake of illustration, a curve, which is the result of
conversion of the value of SCNA into the X-ray flux S 'be&ond the atmo-
sphere, expressed in ergs/cm2 sec, is also plotted in the same Fig, 4.
The X-ray flux was assumed monochromatic (A = 2.'4), the height of the
Sun above the horizon being 35°. The calculation was conducted by the
method described in [25], with ionosphere parameters borrowed from [26, 27].
The scales for S and AN in Fig. 4 are so combined, that the flux of X-
radiation ~ 10~3 erg/cma'sec, constituting the threshold value for the
detection of absorption in the D-layer, correspond to the value AN = 0.05%,
beginning with which the increase in coemic rayé may be revealed with the
help of the method applied above. It may be seen from Fig. 4 that the expe-
rimental points fit this curve satisfactorily.

As is well known, a good correlation is established between the
intensity of radiobursts with A = 10cm and the X-ray emission of the
flares [28,29]. We took advantage of this for an independent verifica-
tion of the mean dependence of AN on SCNA, established by us. The rises
of cosmic ray intensity and the values of the smoothed radio emission
fluxes for the Fig. 4 points are plotted in Fig. 6 using the Jouble loga-
rithmic scale.

Subsequently, it may also be seen from Fig.,?7 that the dependence

established for the relativistic part of the séectrum, is apparently noted
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for soft cosmic rays also. Unfortunately, data in regard to SCNA are known
only for four cases, though all the events, with the exception of an extre-

mely rare case, attended by polar blackout, are linked with flares.

’fﬂﬁ ,,g“ir
[ mTe, Cos
7 2.1 1o, WP § _
S, B st } 16.90 19592 59
.10 19512, 10.X 19592.004%)
o
v 3 IX 19602, ' L
Joree 2 gg,&, . 4 { }:’ HIT 1958s. M
Bane 2(] . ' 0.0 19592 f09
foresl ’ .00 . M ’ 00 ) ,rwxsm
wtl ?“"ﬂ,
Fig. 7. - Dependence between
‘ the values of absorption in
= . ' the ionosphere (SCNA) and
o il b r A;umﬁ the logarithm integrated over

the time of cosmic ray flux
with energy > 100 Mev (log P)
[19] for four flares (the Aate
is indicated near the poifit,
alongside with the height of tue
Sun above the horizon for the
station observing SCNA.

Fige. 6.= Devendence of the effect of
cosmic ray intensity increase on the
smoothed value of a radioburet at

X = 10cm) ( the points' numbering
corresponds to that of Fig. 4.).

Drawing the balance sheet of all the above-expounded, we may reach
the following conclusions :

1) There exists, as en average e dependence between the value of
absorption in the D=layer during a solar flare and the value of cosmic ray
intensity increase at sea level.

2) The effect in cosmic rays is attended by a corresponding iono-
spheric effect in the D-layer, induced by the X-ray emission from solar
flares in the region \ £ 8 L However, the increase in cosmic ray intensi--
ty is not always observed in the presence of X-ray flux and of correspond-
ing avbsorption in the D-layer. |

The investigatior of the nature of the regularities thus revealed
will be the object of a separate communication.

The autihors are grateful to Yu. I. Neshpor and S. I, Gopasyuk for

their valuable comments concerning this work.

ss4¢ THE END a+s5ss
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